Given that social influences are among the strongest predictors of adolescents' drug use, this study examined the effect of social interaction on morphine-induced hyperlocomotion in both adolescent and adult mice. Three experimental groups of adolescent and adult male mice were examined (i) morphine-treated mice (twice daily, 10-40 mg/kg, subcutaneous), (ii) saline-injected mice housed together with the morphine-treated mice ('saline cage-mates'), and (iii) saline-injected mice housed physically and visually separated from the morphine-treated mice ('saline alone'). After the treatment period, mice were tested individually for their locomotor response to 10 mg/kg morphine (subcutaneous). Adolescent saline cage-mates, though administered morphine for the very first time, exhibited an enhanced hyperlocomotion response similar to the locomotor sensitization response exhibited by the morphine-treated mice. This was not observed in adults. In adults, there were no significant differences in morphine-induced hyperlocomotion between saline alone and saline cage-mates. As expected, morphine-treated adults and adolescents both exhibited locomotor sensitization. These results show a vulnerability to social influences in adolescent mice, which does not exist in adult mice.
Introduction
Drug abuse is a major problem in the USA and around the world. It affects people from diverse socioeconomic strata and across all ages. Although drug use among adolescents has remained relatively stable over the last few years, the current levels are still troubling with 14% of US 8th graders, 27% of 10th graders, and 37% of 12th graders using illicit drugs in the past years (Johnston et al., 2008) . Drug use at any age, and especially during early adolescence, is problematic because it is a major predictor of later drug abuse and dependence (Hawkins et al., 1997; Grant and Dawson, 1998; Odgers et al., 2008; Chen et al., 2009 ). In addition, an increased rate of comorbidity of anxiety and mood disorders was shown when drug use began at a young age (Gfroerer and Penne, 2002; Caspi et al., 2005; Mathers et al., 2006; Tucker et al., 2006; Degenhardt et al., 2007) .
There is considerable literature showing differences between adolescents' and adults' response to different drugs of abuse. Specifically, for opioids, adolescent rodents are more sensitive to morphine-induced antinociception in the hot-plate procedure (Ingram et al., 2007) , but less sensitive to the antinociceptive properties of morphine using the tail-flick test. No differences were found between adolescents and young adults in morphine-induced antinociception using the foot-shock technique (Nozaki et al., 1975) . Adolescent rodents exhibit a more rapid onset of tolerance with repeated morphine administration (Nozaki et al., 1975; Ingram et al., 2007) . Regarding morphine-induced hyperactivity, adolescent rats are more sensitive to acute morphineinduced locomotion (Spear et al., 1982; White et al., 2008) . In addition, morphine-treated adolescent rats exhibited a higher locomotor response to morphine during adulthood, thus suggesting that adolescents are more sensitive to locomotor sensitization (White et al., 2008) . In reference to the rewarding properties of morphine, an earlier study showed a lack of morphine reward in adolescent mice (Bolanos et al., 1996) , whereas two subsequent studies reported no differences in morphine reward between adolescents and adults (Campbell et al., 2000; Zheng et al., 2003) . In addition, adolescents and adults exhibit different affective responses in the forced swim test during opioid withdrawal ).
There are many risk factors associated with adolescent drug use, and understanding the specific vulnerabilities to drug use in this age group is the first step in helping develop prevention strategies and more effective treatment programs for this at-risk group. Adolescence is a time of increased peer interaction. In fact, adolescents report peer pressure as a major factor in their decisionmaking process, and individuals between 10 and 15 years of age are most prone to the influence of peers (Sumter et al., 2009) . Peer influences are among the strongest predictors of adolescents' drug use, and are commonly thought to be mediated by cultural influences on cognition and emotions. These peer influences include shaping adolescents' attitudes toward drugs, initiating them into drugs, facilitating drug access, and providing models for drug-use behaviors. Although most studies in humans have focused on cultural influences, some rodent studies suggest that there may be a noncultural social effect from interaction with intoxicated peers (Hunt et al., 2001; Fernández-Vidal and Molina, 2004) . Adolescent rats exposed to an ethanol-intoxicated peer later showed a preference for the scent of ethanol. This effect was not observed after adolescent rats were exposed to the ethanol scent alone or after interaction with an intoxicated anaesthetized peer (Fernández-Vidal and Molina, 2004) . Moreover, this social effect was also shown to increase drug intake; adolescent rats consumed more ethanol solution after exposure to an intoxicated peer (Hunt et al., 2001) .
Increased self-administration after repeated drug use is believed to result from behavioral sensitization (Piazza et al., 1989; Horger et al., 1992; Robinson and Berridge, 1993; Deroche-Gamonet et al., 2004) . Behavioral sensitization is the increase in the effects of drugs with repeated use (Robinson and Berridge, 1993) . Behavioral sensitization in rodents also manifests as increased drug-induced hyperlocomotion after repeated drug administration (Wise and Bozarth, 1987; Robinson and Berridge, 1993) . In addition, cross-sensitization has been observed between different drugs of abuse (Shippenberg et al., 1998) , between stress and drugs of abuse (Kostowski et al., 1977; Piazza et al., 1990; Frances et al., 2000; Rosario et al., 2002) , and between palatable food and drugs of abuse (Avena and Hoebel, 2003; Gosnell, 2005) .
This study examined the effect of social interactions on morphine-induced hyperlocomotion in both adolescent and adult mice. For each of these age groups, we tested two groups of drug-naive (saline-injected) mice. One group of drug-naive mice, which we call 'saline cagemates', was housed together with mice receiving morphine. The other group of drug-naive mice, which we refer to as 'saline alone', was physically and visually isolated from the mice receiving morphine. The mice were subsequently tested individually for their locomotor response to morphine.
Methods

Subjects
All procedures were conducted in accordance with the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals, and were approved by the Institutional Animal Care and Use Committee. Adult and adolescent male C57BL/6 mice were purchased from Harlan Lab (Houston, Texas, USA) and housed four per cage, with food and water freely available, in a temperature-controlled (21 ± 21C) vivarium with a 12/12 h light/dark cycle (light on at 7:00). All mice were housed as cage-mates from the day of weaning [postnatal day (PND) 21] in Harlan facilities, shipped as cage-mates, and remained cage-mates after arriving at our facility and for the entire experiment. Adolescent mice (Spear, 2000) were purchased at PND 22, acclimated to the vivarium until PND 28, injected during PND 28-33, and behavioral testing was done on PND 42. Adult mice were purchased at 4-5 weeks old (about PND 30), injected during PND 63-68, and tested at PND 77.
According to several studies, one week (and probably 3-4 days) is enough time for recovery from stress after shipping. For example, in one study (Landi et al., 1982) , corticosterone (a marker for stress) returned to baseline levels within 48 h of arrival. In a similar study, corticosterone and natural killer cells (the immune reaction to stress) returned to normal levels within 24 h of shipping (Aguila et al., 1988) . In addition, rearing, climbing, grooming, and feeding became stable from the second day after moving the mice to a new environment (Tuli et al., 1995) . In our study, the mice were purchased from a local vendor and thus had a relatively short travel time as compared with those studies. They arrived at PND 22 and were given 6 days to recover before starting the morphine injections. By the time of their locomotion test they had already been in the vivarium for 20 days. However, on starting to work with adolescents, we were concerned with the possibility of stress. Thus, we initially conducted a small preliminary experiment in which we compared responses for mice bred in-house (breeders were purchased from the same vendor) to mice that were shipped from that vendor at PND 22. We observed the same response in both the groups and thus proceeded to use purchased mice for the rest of the study.
Saline and morphine treatment regimen
The different experimental groups are summarized in Table 1 . The drug-naive adult (PND 63, n = 9-14) and adolescent (PND 28, n = 23-26) mice were injected twice daily (9:00 and 17:00 h) for 6 consecutive days with saline (subcutaneous). For each age, we had two groups of drug-naive mice that received these 12 saline injections. In one group, the saline-injected mice were housed with mice receiving morphine (i.e. two mice receiving morphine and two mice receiving saline were housed in each cage). We refer to this group as 'saline cage-mates'. The second group of saline-injected mice were housed physically and visually separated from the mice receiving morphine (i.e. all mice in the cage received saline). We refer to this group as 'saline alone'.
Socially induced morphine sensitization Hodgson et al. 113 The mice receiving morphine (i.e. morphine-treated mice) were injected twice daily (9:00 and 17:00 h) for 6 consecutive days with increasing morphine doses (10-40 mg/kg, subcutaneous) for a total of 12 injections. Specifically, on days 1 and 2, the mice were injected with 10 mg/kg morphine. On days 3 and 4, they were injected with 20 mg/kg morphine. On days 5 and 6, they were injected with 40 mg/kg morphine. This morphine regimen was selected on the basis of both our earlier studies (Eitan et al., 2003; Buckman et al., 2009; Hodgson et al., 2009 ) and those of other investigators (el-Kadi and Sharif, 1994; Spanagel et al., 1994; Matthes et al., 1996; Kest et al., 2001; Contet et al., 2008) who have shown that such doses induce significant antinociceptive tolerance, locomotor sensitization, dependence, and withdrawal.
Note that the sample size for adolescents is very large (n = 23-26 per group). This is because we observed a result that differed significantly from adults; we therefore repeated the test multiple times in order to be certain that it was correct. Morphine sulfate was purchased from Sigma (St Louis, Missouri, USA).
Morphine hyperlocomotion
Nine days after the final treatment dose of morphine or saline (i.e. experimental day 15, Table 1 ), locomotion was recorded in the second part of the light phase, which is between 14:00 and 18:00 h. Mice were habituated to the room for at least 30 min before testing and then placed separately (one mouse per apparatus) in an upright cylindrical container (261 mm in diameter and 355 mm in height). The behavioral room contained four cylinders; thus four mice were individually recorded in the same room at the same time. Note that the mice were physically and visually separated during the locomotion test. However, to ensure that the response observed is not because of some other cues transferred between the mice, saline alone and saline cage-mate mice were both recorded at the same time and in the same behavioral room, and were placed in cylinders that were at identical distances from those of the morphine-treated mice. Baseline locomotor activity was recorded for 60 min by an overhead camera. Then all mice were injected with 10 mg/kg morphine and were recorded for another 60 min.
The apparatus was cleaned thoroughly with water and completely dried between the tests. Total distance traveled (locomotion) was scored using EthoVision 3.1 (Noldus Information Technology, Leesburg, Virginia, USA).
Data analyses
For each mouse, the morphine effect on locomotion was computed using the formula: (sum of the total distance traveled scores in the 60 min following morphine administration -sum of the baseline total distance traveled scores in the 60 min prior to morphine injection). The overall design of the analyses was a factorial consisting of between-group factors of age (adolescent versus adult), and experimental group (saline cage-mates, saline alone, and morphine-treated). Separate analyses of variance (ANOVA) were also computed for each age group for the total distance traveled scores (sum of baseline 60 min, and sum of postmorphine 60 min), and a within-group factor of time (1-120 min summed in 5-min intervals). Additional post-hoc contrasts between each treatment group were computed using Bonferroni's post-hoc procedure. Differences less than 0.05 were deemed statistically significant. Results are presented as mean ± SEM.
Results
Adolescents
The results for the adolescents are presented in Fig. 1 . For the baseline and post-morphine total distance traveled scores ( Fig. 1a ), two-way ANOVA showed significant main effects of pretreatment [F(2,138) = 7.11, P < 0.001] and treatment [F(1,138) = 415, P < 0.001], and a significant pretreatment Â treatment interaction [F(2,138) = 7.03, P < 0.001]. Similarly, for the total distance traveled scores summed in 5-min intervals over the 120-min test (Fig. 1b) , two way ANOVA showed significant main effects of pretreatment [F(2,1656) = 1.65, P < 0.001] and time [F(23,1656) = 73.79, P < 0.001], and a significant pretreatment Â time interaction [F(46,1656) = 2.09, P < 0.0001]. Bonferroni's post-hoc comparisons showed no significant differences in baseline locomotor activity (the first 60 min) between the different treatment groups. In all of the three experimental groups, locomotion increased after morphine administration (P < 0.001 for each group's baseline vs. postmorphine scores). As expected, the morphine-treated mice exhibited locomotor sensitization (morphine-treated vs. saline alone, P < 0.001). The saline cage-mate mice exhibited a significantly higher hyperlocomotion response to morphine as compared with the saline-alone mice (saline cage-mates vs. saline alone, P < 0.001). In fact, there was no significant difference in morphine-induced hyperlocomotion between the morphine-treated mice and the saline cage-mate mice.
Adults
The results for the adults are presented in Fig. 2 . For the baseline and post-morphine total distance traveled scores ( Fig. 2a) , two-way ANOVA showed significant main effects of pretreatment [F(2,64) = 7.86, P < 0.001] and treatment [F(1,64) = 271.5, P < 0.0001], and a significant pretreatment Â treatment interaction [F(2,64) = 8.95, P < 0.001]. Similarly, for the total distance traveled scores summed in 5-min intervals over the 120-min test ( Fig. 2a) , two-way ANOVA showed main effects of pretreatment group [F(2,768) = 2.79, P < 0.001] and time [F(23,768) = 75.42, P < 0.001], and a significant pretreatment Â time interaction [F(46,768) = 4.41, P < 0.001]. Bonferroni's post-hoc comparisons showed no significant differences in baseline locomotor activity (the first 60 min) between the different treatment groups. In all three experimental groups, locomotion increased after morphine administration (P < 0.001 for each group's baseline vs. postmorphine scores). As expected, the morphine-treated mice exhibited locomotor sensitization (morphine-treated vs.
saline alone, P < 0.001). However, unlike adolescents, no significant differences were found between the adult saline cage-mate mice and the saline-alone mice.
Age-dependent differences
Two-way ANOVA showed significant main effects of age [F(1,101) = 7.78, P < 0.001] and treatment group [F(2,101) = 12.72, P < 0.001], and a significant age Â treatment group interaction [F(2,101) = 5.63, P < 0.05].
Bonferroni's post-hoc comparisons showed a significant difference between the adolescent and adult saline cage-mates (P < 0.001). No significant age-dependent differences were found between the saline-alone and morphine-treated mice.
Discussion
This study shows age-dependent vulnerabilities to social influences on morphine responsitivity. Adolescent saline-injected mice housed together with morphinetreated mice (i.e. saline cage-mates), when subsequently tested individually for morphine-induced hyperlocomotion, exhibited an enhanced hyperlocomotion response, as compared with mice that were housed separately from the morphine-treated mice (i.e. saline alone). This was not observed in adults -there was no significant difference in morphine-induced hyperlocomotion between saline alone and saline cage-mate adult mice.
Adult and adolescent mice were examined in this study. The choice for the age of the adolescent mice was based on studies by Spear et al.
[reviewed in (Spear, 2000) ], 
Saline cage-mates
Morphine-induced hyperlocomotion in adolescent mice. Mice were injected twice daily for 6 consecutive days with saline or morphine. Locomotion was recorded 9 days after the final injection of morphine or saline (i.e. experimental day 15, Table 1 ). Baseline locomotor activity was recorded for 60 min. All mice were then injected with 10 mg/kg morphine and recorded for another 60 min. (a) Total distance traveled (cm) in the 60 min before morphine administration (baseline, white bars) and in the 60 min after morphine administration (morphine, gray bars). $ Significant difference from baseline (P < 0.001); # Significant difference from saline alone mice (P < 0.001). (b) Total distance traveled (cm) during the entire 120 min test, segmented into 5-min intervals. Arrow indicates time of morphine administration. K -Saline alone mice; & -morphine treated mice; and~-saline cage-mates. *Significant difference from saline alone mice (P < 0.05); # Significant difference from saline alone mice (P < 0.001). Results are presented as mean ± SEM.
Socially induced morphine sensitization Hodgson et al. 115 which established three developmental stages for rodents from weaning to adulthood. Accordingly, in this study, mice were injected during, what is considered, the late phase of their prepubescent period (PND 28-33), and were tested during their mid-adolescence/periadolescent period (PND 42). We refer to this group as adolescents. Note that this study used mice of a postnatal age that was suggested to correspond to adolescence in humans (Spear, 2000) . However, mice develop perinatally differently than humans; thus this period might represent adolescence in humans on some levels but not for others. Therefore, the interpretation of the results, namely the extrapolation from a measure of rodent response to humans, should be done with caution.
In this study, four mice were tested at a time, and they were separated physically and visually from each other during the test. In addition, to control for the possibility that the response observed was not because of some other cues transferred between the mice, saline-alone and saline cage-mates mice were both recorded at the same time and in the same behavioral room, and were placed in apparatuses that were at identical distances from those of the morphine-treated mice. Nonetheless, we could not absolutely rule out the possibility that other cues (such as odor cues or ultrasonic vocalizations) transferred between the mice had some effect on their behaviors. It is possible that a cue presented by the morphine-treated mice would have a different effect on familiar mice (i.e. their cagemates) and unfamiliar mice (i.e. the saline-alone group). It has been shown that 'pain empathy' transferred through visual cues has a greater effect on the cage-mates compared with unfamiliar mice (Langford et al., 2006) . Although odor or vocal cues transferred during the test might play some role, a more likely explanation is that the interactions between the morphine-treated mice and their cage-mates before the locomotion test played a significant role in the behavioral outcome observed.
One possible explanation for the enhanced hyperlocomotion response observed in adolescent saline cage-mates is that the interactions with the morphine-treated mice during intoxication and/or during the withdrawal period is stressful. Indeed, increased stress level is a known risk factor that correlates with substance abuse in both adolescents and adults (Cooper et al., 1992; Laurent et al., 1997; Sinha, 2001) . Many theories stipulate that stress can potentiate drug abuse by increasing the propensity to initiate drug taking (Leventhal and Cleary, 1980; Shiffman, 1982; Koob and LeMoal, 1997; Sinha, 2001) . For example, in humans, stress is correlated with higher levels of alcohol abuse (Cooper et al., 1992; Laurent et al., 1997) . Similarly, stress can contribute to a relapse after a drug-free period (Childress et al., 1994; Cooney et al., 1997) . Patients with severe withdrawal symptoms are more likely to relapse because of the increased stress experienced (Doherty et al., 1995) . Likewise, in rodents, stress reinstates drug taking after a drug-free period (Shaham and Stewart, 1995; Erb et al., 1996; Ahmed and Koob, 1997; Le et al., 1998; Buczek et al., 1999; Stewart, 2000) . Importantly, stress can also sensitize individuals to the effects of drugs. In rodents, drug sensitization is modeled as the increase in self-administration after repeated drug use (a manifestation of drug craving) or Morphine-induced hyperlocomotion in adult mice. Mice were injected twice daily for 6 consecutive days with saline or morphine. Locomotion was recorded 9 days after the final injection of morphine or saline (i.e. experimental day 15, Table 1 ). Baseline locomotor activity was recorded for 60 min. All mice were then injected with 10 mg/kg morphine and recorded for another 60 min. (a) Total distance traveled (cm) in the 60 min before morphine administration (baseline, white bars) and in the 60 min after morphine administration (morphine, gray bars). $ Significant difference from baseline (P < 0.001); # Significant difference from saline alone mice (P < 0.001). (b) Total distance traveled (cm) during the entire 120 min test, segmented into 5-min intervals. Arrow indicates time of morphine administration. K -Saline alone mice; & -morphine treated mice; and~-saline cage-mate mice. *Significant difference from saline alone mice (P < 0.05); # Significant difference from saline alone mice (P < 0.001). Results are presented as mean ± SEM.
as increased drug-induced hyperlocomotion after repeated drug administration (Wise and Bozarth, 1987; Piazza et al., 1989; Horger et al., 1992; Robinson and Berridge, 1993; Deroche-Gamonet et al., 2004) . Both acute and repeated stress increase levels of drug selfadministration (Piazza et al., 1990; Goeders and Guerin, 1994; Shaham and Stewart, 1994; Miczek and Mutschler, 1996; Yajie et al., 2005) . Likewise, acute and repeated stressors enhance drug-induced hyperlocomotion (Kostowski et al., 1977; Piazza et al., 1990; Frances et al., 2000; Rosario et al., 2002) . The cross-sensitization between drugs and stress has been attributed to actions of the dopaminergic system (Kalivas and Stewart, 1991; Pierce and Kalivas, 1997; Kalivas et al., 1998; Saal et al., 2003) . Exposure to stress and administration of drugs of abuse both lead to increased levels of dopamine in the nucleus accumbens (Kalivas and Stewart, 1991) . In addition, other neurotransmitters and/or hormones such as corticotrophin-releasing factor, endogenous opioids, or gonadal hormones, might also be involved.
Note that stress sensitizes both adults and adolescents to the effects of drugs of abuse. However, the effect observed in this study was age-dependent and an enhanced hyperlocomotion response was not observed in the adult cage-mates. This raises two possibilitieseither stress does not play a significant role in the effect observed, or perhaps adolescents are more vulnerable to the effects of social stress on drug-induced behaviors. Indeed, human adolescents seem to experience more drastic mood changes and report more episodes of stress in their day-to-day lives (Arnett, 1999; Spear, 2000) . Although it is possible that adolescents do not experience more stress per se, they may perceive more situations as stressful (Spear, 2000) . This increase in perceived stress during adolescence could help instigate drug use in this population. Similarly, in rodents, there is evidence that adolescents and adults might perceive different situations as stressful. Adolescent rodents housed in standard laboratory conditions (several animals per cage) have higher levels of corticosterone (a stress indicator) than adults (Laviola et al., 2002) . However, crowded housing conditions did not further increase the corticosterone response in adolescent males. In adults, crowding is a known social stressor that results in an increased corticosterone response. Isolation (a social stressor in adults) resulted in a decrease of corticosterone basal levels in adolescents. Thus, it is possible that the results of this study represent yet another unexpected age-dependent difference in the effects of social stress.
An alternative explanation for the age-dependent differences in the enhanced hyperlocomotion response is that stress does play a significant role in the social effect observed, but morphine-treated adolescents and adults might display different aggressive behaviors which result in different effects on their age-matched cage-mates. An increase in aggressive behaviors is unlikely during morphine intoxication, as opioids have been shown to decrease plasma testosterone levels in both adult humans (Rasheed and Tareen, 1995; Abs et al., 2000) and rodents (Gabriel et al., 1986; Budziszewska et al., 1999) . Like adults, morphine was also shown to decrease plasma testosterone levels in adolescent rats (Cicero et al., 1989; Yilmaz et al., 1999) . Given that testosterone levels play a significant role in male aggressive behaviors, it is not surprising that morphine thus has antiaggressive properties (Vivian and Miczek, 1993) . However, in adults, morphine withdrawal increases aggressive behaviors (Rodríguez-Arias et al., 1999; Felip et al., 2000; Sukhotina, 2001) . Note that although baseline aggression levels in rodents are significantly lower during early adolescence, their expression increases around puberty (BPND35) (Terranova et al., 1998) . Adult rodent baseline aggressive behaviors are expected to be higher than adolescents, however this might not be the case during withdrawal. Indeed, during alcohol withdrawal, adolescent rodents exhibit increased play fighting, while adults exhibit social suppression and a decrease in play fighting (Varlinskaya and Spear, 2004) . Moreover, adolescent and adult mice exhibit different mood responses in the forced swim test paradigm during opioid withdrawal ). Thus, it is possible that also during opioid withdrawal, adolescents and adults display different social interactions, which result in age-dependent differences in the social effect on their cage-mates. Therefore, future experiments should examine aggressive behaviors in adolescents and adults during opioid withdrawal.
A third possible explanation for the age-dependent social effect is that olfactory cues are transmitted from the morphine-treated mice while intoxicated and/or during withdrawal. Indeed, olfactory cues transmitted during encounters with alcohol-intoxicated peers can affect alcohol preference and consumption in periadolescent mice (Hunt et al., 2001; Fernández-Vidal and Molina, 2004) . Thus, perhaps pheromones secreted by the morphine-treated mice are affecting their saline-injected peers. Levels of many hormones do not peak until adulthood (Spear, 2000) ; hence, there are baseline differences between these age groups. Hormone levels affect the amount of pheromones excreted in urine, that acts as a communication signal to conspecifics. Differential pheromone secretion because of altered hormone levels could potentially explain the age-specific effect. Adolescent mice could be secreting and sensing different pheromones or may have increased sensitivity to certain pheromones. However, little is known about the effects of pheromones on drug responsitivity and vulnerability, so any possible age-dependent differences on behavioral sensitization are currently unknown.
This study also raises some concerns regarding the common practice of housing drug-injected and salineinjected mice together. Although group housing might not be the common practice when conducting research on Socially induced morphine sensitization Hodgson et al. 117 rats, a recent PubMed search showed that this practice is common for mice. This study clearly shows that social cues transferred from the morphine-treated mice have a pseudosensitizing effect on their adolescent drug-naive cage-mates. Further experiments are still required to understand the generality of the phenomenon, but in any case, this study suggests that drug-treated adolescent mice should not be housed together with their saline controls. Moreover, given the social effect observed in one age group, perhaps caution should be taken with other age groups. Although morphine-induced hyperlocomotion was not affected in the adult cage-mates, this study cautions to the possibility that a social effect could manifest for other age groups in other behavioral tests.
As expected, both adult and adolescent morphine-treated mice exhibited locomotor sensitization as compared with saline-injected mice housed separately (i.e. saline alone). Note that although it was suggested that adolescent rats might be more sensitive to morphine locomotor sensitization (White et al., 2008) , our study did not find any significant differences in locomotor sensitization between the adult and adolescent morphine-treated groups. This lack of age-dependent differences in morphine sensitization in mice might represent speciesdependent differences between mice and rats. Note that other species-dependent differences (Morihisa and Glick, 1977; Hodgson et al., 2008; Buckman et al., 2009) and strain-dependent differences (Brodkin et al., 1999; Szumlinski et al., 2005) in morphine-induced behaviors have been documented earlier.
This study shows age-dependent differences in the vulnerability to social influences on sensitivity to drugs of abuse. More specifically, social interactions with morphine-treated mice resulted in an enhanced hyperlocomotion response to morphine in drug-naive adolescent mice. This did not occur in adults. Further studies are required to establish the duration of effect, the role of sex, possible social effects on other drug-induced behaviors (such as reward and self administration), and the generality of the phenomenon to drugs of abuse. Moreover, the molecular underpinnings of this social effect have yet to be determined. Drug use amongst teenagers is, and probably will always remain, a problem for societies around the world. Understanding the specific vulnerabilities to drug use in this age group is a first step in helping develop prevention strategies and more effective treatment programs for this at-risk group.
